The purpose of this investigation was to determine the interrelationships of the various sexual and aggressive behaviors exhibited by Hereford bulls in sexual performance (serving capacity) tests and to determine the extent to which these interrelationships change with age (maturity). Correlation matrices were constructed for the frequencies of sexual and aggressive behaviors exhibited by two groups of 13 and 14 bulls, respectively, during 120-min tests with females when the bulls were 12, 18, and 24 mo of age. The frequencies of selected sexual behaviors recorded during individual tests at 18, 21, and 24 mo were factor-analyzed using a principle components analysis. Also, a comparison was made of the length of the refractory periods following various sexual behaviors at 12 and 24 mo of age. Bulls varied greatly in the way they responded to sexual stimuli. Few sexual behaviors were intercorrelated and the factor analysis of selected sexual behaviors was inconclusive. Frequencies of aggressive behaviors were more highly correlated. Age (maturation) did not affect the interrelationship of the sexual behaviors recorded. Aggressive behavior variables were more highly correlated at 12 mo than at 18 or 24 mo of age. The average length of the refractory period following ejaculation was longer (112 s; P c .05) than the refractory period following mounts without ejaculation (50 s), and the latter had a longer (P < .OS) refractory period than mount attempts, mount intentions and head throws (26 to 38 s). In conclusion, the relatively poor interrelationships among sexual behaviors in bulls will hamper efforts to objectively compare the sexual performance of different bulls using rating systems based on a composite index of sexual responses.
Introduction
Sexual performance evaluations of male livestock have focused on the rate of ejaculation (i.e., serving capacity) because of its obvious relevance to reproductive success (Price, 1987) . Other sexual behaviors exhibited by males in sexual performance tests (e.g., mount intentions, mount attempts, mounts without ejaculation) have received less attention largely because it is not clear how such behaviors interrelate with ejaculation rate and the extent to which they contribute to reproductive success.
Sexual performance rating systems have been devised for bulls that credit individuals for exhibiting behaviors that reflect sexual interest (libido) in addition to successful inseminations (Hultnas, 1959; Osbome et al., 1971; Chenoweth et al., 1979; Chenoweth, 1986) . Such rating systems seem particularly attractive for evaluating the mating potential of young, sexually naive males whose ejaculatory responses may not have matured. Under such conditions, it is important to know the extent to which these measures of sexual behavior relate to each other and to more direct measures of reproductive success.
The objective of the following study was to investigate the interrelationships of the various sexual behaviors exhibited by Hereford bulls in sexual performance (serving capacity) tests and to determine whether these interrelationships change with age (maturity). Because bulls are frequently evaluated in small groups under conditions that foster aggressive interactions, this study addresses the interrelationship of the three primary aggressive behaviors exhibited by bulls in sexual performance tests.
Materlals and Methods
Subjects. The subjects were 27 polled Hereford bulls born in consecutive years and reared as separate groups of 13 (A) and 14 (B) individuals. Rearing of the subjects is described in the first paper of this series (Price and Wallach, 1991) . Eight ovariectomized Hereford heifers were used as stimulus females for each group of bulls.
Testing. BuUs were tested for sexual and aggressive behaviors every 3 mo from 3 to 24 mo of age. At 3 and 6 mo, before reaching sexual maturity, the subjects were exposed in groups of 13 (A) and 14 (B) individuals to two hormone-induced estrous females, one restrained (Price, 1987) and the other unrestrained, for two 120-min tests administered 4 d apart in a 10 x 20-m enclosure. The observer recorded mounts and mount attempts directed at the estrous females. At 9, 12, 15, 18, 21 , and 24 mo of age, these bulls were tested in a 12-x 24-m arena under each of the following four treatment conditions: individual tests (40-min), in which single males were exposed to single females; small-group tests (40-min), in which three or four bulls were exposed to three females restrained approximately 7 m apart; large-group tests (120-min), in which 13 or 14 bulls were exposed to three restrained females; and all-male tests (120-min), in which 13 or 14 bulls were placed in the test arena in the absence of females. Eight tests were administered 2 to 3 d apart in the following order at each of the aforementioned ages: 1) individual test, 2) small-group test, 3) large-group test, 4) large-group test, 5) small-group test, 6) individual test, 7) males-only test, and 8) malesonly test (see Price and Wallach, 1991 , for a more detailed description of the test protocol).
Sexual behaviors recorded included flehmen or lipcurl responses, head throws (head and neck of the bull are rapidly moved toward the female; recorded during individual tests only), mount intentions (one front foot is raised as if the animal is going to mount), mount attempts (both front feet are raised off the ground), mounts without ejaculation, and mounts with ejaculation. Aggressive behaviors recorded included sparring, butts directed at conspecifics in the act of mounting, and other butts and displacements. More detailed descriptions of these behaviors are provided by Price and Wallach (1991) . During individual tests, the observer recorded the time at which each sexual behavior occurred.
Statistical Analyses. Correlation matrices were constructed for the frequencies of sexual and aggressive behaviors exhibited during largegroup tests administered when the bulls were 12, 18, and 24 mo of age. Only largegroup tests were used in examining the interrelatedness of variables within age groups because these tests were the only ones that generated a sizeable amount of data on aggressive behavior. Only data for 12, 18, and 24 mo are reported because these three age periods are representative of the developmental ages when the bulls were attaining puberty (12 mo), experiencing their peak of libido (18 mo), and had the most experience (24 mo).
In addition, frequencies of mount intentions, mount attempts, mounts, and ejaculations, recorded during individual tests at 18, 21, and 24 mo (groups A and B combined), were factor-analyzed using a principal components analysis with and without varimax rotation (Johnson and Wichern, 1982) . Only data from individual tests were used to avoid the possible influence of intermale aggression. Only data for 18, 21, and 24 mo were used to ensure that the factor analysis reflected the behavior of sexually mature and experienced bulls.
Also, a comparison was made of the length of the refractory periods (periods of sexual inactivity) following each of the various sexual behaviors exhibited by group A bulls in individual tests at 12 and 24 mo of age. Data were obtained from individual tests to avoid the possible influence of intermale aggression. Twelve and 24 mo were selected to provide a comparison between behaviors exhibited when the bulls were attaining puberty (12 mo) and after they had attained sexual experience (24 mo). A two-factor analysis of variance format (Gill, 1978) was used to analyze the data for behavior (immediately preceding the refractory period) and age. Mean comparisons (least squares means) were conducted using t-tests, with probabilities adjusted for the number of comparisons.
Results
Product-moment correlation coefficients for the frequencies of the various sexual behaviors exhibited by bull groups A and B in individual sexual performance tests are presented in Table  1 . In general, the sexual behaviors observed were low to moderately correlated at all three ages (12, 18, and 24 mo) . Correlations between number of ejaculations attained and frequencies of flehmen, head throws, mount intentions, and mount attempts were generally negative and nonsignificant (Table 1 ). The best correlation was a strong positive relationship between frequencies of head throws and mount intentions.
The results of the factor analysis of sexual behaviors (Table 2) were generally inconclusive. Factor loadings were distinct at 18 mo of age with mounts plus mount attempts loading WALLACH in Factor 1 and ejaculations plus mount intentions loading in Factor 2. Together these two factors explained nearly 75% of the variance. However, this result was not replicated at 21 and 24 mo. Factors were not clearly defined at these latter ages (Table 2) and varimax rotation did not appreciably improve the results. Correlation coefficients for the frequencies of the various aggressive behaviors exhibited by bull groups A and B in large-group sexual performance tests are presented in Table 3 . Correlations among the three aggressive behaviors recorded were generally positive and half (9 of 18) were significant. A greater proportion of significant correlations were obtained at 12 mo of age (5 of 6) than at 18 (2 of 6) and 24 mo (2 of 6) of age.
Differences were found among the refkactory periods (periods of sexual inactivity)
following the various sexual behaviors exhibited by group A bulls in individual sexual performance tests (P c .001; Table 4 ). Age of the bulls (12 vs 24 mo) did not affect the results; hence, data for these two ages were combined. The refractory periods following head throws, mount intentions, and mount attempts were relatively short and did not differ (Table 4) . However, the refractory periods following mounts (without ejaculation)
were longer (P < .OS) and those following ejaculations were even longer than those following mounts (P < .001). The length of the refractory period was not affected by the type of sexual response that terminated the refiactory period (i.e., the next behavior).
Discussion
Correlations among sexual behaviors exhibited by bull groups A and B in individual sexual performance tests were generally low and nonsignificant. Eighty percent of the 30 correlation coefficients involving ejaculation rate were negative (inverse relationship) and only one was significant. Bulls that attained a relatively large number of ejaculations tended to spend less time engaged in other noncopulatory sexual behaviors due to the relatively long refractory periods following ejaculations. However, bulls differed in the kinds of noncopulatory sexual behaviors exhibited when they were sexually responsive. Consequently, no single sexual behavior consistently varied with ejaculation frequency among all bulls.
The inconclusive results of the factor analyses of sexual behaviors also supported the hypothesis that the sexual motivation of bulls is expressed in different ways by different individuals (i.e., their sexual responses are highly variable).
The relatively strong positive correlation between head throws and mount intentions was not totally unexpected. The head throw of the bull conveys the appearance of a low-intensity mount intention behavior in which movement is confined to the head and neck. The fact that the nonestrous cow normally responds to head throws by moving away from the bull suggests that it is viewed as a mount intention movement by female conspecifics. Ejaculations have longer refractory periods than mounts (without ejaculation) and the latter have longer refractory periods than mount attempts, mount intentions, and head throws. The neurophysiological basis for these differences is not clear. What is clear is that one cannot develop a sexual performance rating system based on the s u m of the frequencies of the various behaviors exhibited during a fixed period of time. Such composite scores do not take into account that certain behaviors used more test time than others; each differentially limits the subsequent time available for additional responses to be exhibited. Furthermore, the inconclusive results of the factor analyses serve as a reminder that there is no sound biological basis for differentially weighting the various sexual behaviors of the bull in terms of the relative contribution of each category of behavior to the individual's reproductive success. As a result, composite sexual behavior scores will necessarily be subjective and less useful than measures of serving capacity in assessing the mating potential of adult bulls used in natural breeding programs.
In general, the aggressive behaviors recorded were more highly correlated than the sexual behaviors. All three aggressive behavior variables involved butts or butt attempts in the context of competing for females. Butts directed at bulls that were mounting often precipitated retaliatory butts ("other butts and displacements") or bouts of sparring. Sparring was frequently terminated by "other butts and displacements". Consequently, the more aggressive bulls tended to be more frequently involved in all three types of agonistic interactions.
The degree of interrelatedness of the sexual behaviors recorded did not change between 12 and 24 mo. However, aggressive behaviors were more highly correlated at 12 mo than at 18 or 24 mo. At 12 mo, the overall rate of ejaculation was relatively low; many bulls had not attained their Fist successful copulation (Price and Wallach, 1991). At 18 and 24 mo, after serving ability had fully matured, some bulls were reluctant to leave the stimulus females and engage in agonistic encounters. Consequently, involvement in aggressive interactions at those ages became more variable, reducing the interrelatedness of the behaviors observed.
Implications
Rating the mating competence of male ungulates using frequencies of a composite of sexual behaviors requires that the behaviors are reasonably interrelated to each other or to a variable of particular importance (e.g., ejaculation rate) and that the relative weightings given to the various behaviors can be justified scientifically. The lack of interrelatedness of the sexual behaviors recorded in the present study and differences in the refractory periods following many of these sexual responses raise many doubts regarding the usefulness of composite scores in comparing the mating potential of individual beef bulls.
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